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 ABSTRACT  
  Adoption of cereal rye (Secale cereal L.) as a cover crop has increased 
substantially over the past decade providing several agronomic benefits including 
increases in soil organic matter, aggregation, infiltration, nutrient retention, and 
protection from soil erosion. However, little data have been provided showing the 
short-term economic advantages of cereal rye ahead of soybeans (Glycine max L. 
Merr.). The objectives of this study were to observe soybean developmental factors 
following cereal rye, to measure the impact cereal rye has on spring soil nitrate levels, 
and to quantify the short-term impact of cereal rye establishment on soybean yield and 
profitability in a corn-soybean rotation grown in the Western Lake Erie Basin. Soybean 
plant density was not affected by cereal rye treatments at either site. Soybean tissue 
nutrient concentrations showed lower nitrogen and magnesium levels in cereal rye 
treatments. Soybean seed yield had a yield neutral response to cereal rye cover crops 
while spring soil nitrate concentrations decreased by 57% and 43% in the Jaffe and 
Home sites, respectively, where cereal rye was grown. Producers in the Western Lake 
Erie Basin can use cereal rye cover crops ahead of soybean to reduce soil nitrate losses. 
However, soybean yield increases may not be evident after only one year of cereal rye 
cover crop adoptions and, therefore, resulting in an economic loss associated with 
cereal rye cover crop adoption. 
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INTRODUCTION 
The use of cover crops has been gaining popularity in recent years. Nationally, 
acreage planted to cover crops was 7.7 million acres in 2010 and increased to 16.3 
million acres in 2015 (Doran, 2019). In areas where wind and water erosion are severe 
cover crops are often used with success to avoid the effects of soil loss. However, 
where erosion is less severe due to soil type and topography, cover crops have more 
limited use. A cover crop is defined as a crop grown for the protection and enrichment 
of the soil and is most often planted during times when a cash crop is not currently 
growing. The intent of planting cover crops is to provide quick plant biomass to provide 
protection from soil erosion, improve nutrient retention, and weed suppression. The 
question for many producers is whether a cover crop like winter cereal rye (Secale 
cereal L.) can have a positive impact on soybean (Glycine max L. Merr.) production 
when grown after corn (Zea mays L.) on a clay loam soil with a reduced tillage system.  
A cover crop can have many positive agronomic and environmental benefits 
including protection from soil erosion. There are many different forms of erosion and 
most are caused by the powerful effects of water and wind. Water erosion is common 
and occurs during periods of increased precipitation or individual rainfall events where 
water runoff transports detached soil particles to areas of deposition; possibly nearby 
waters. These soil particles hold nutrients which can have a negative environmental 
impact as well as crop production impact. Other essential soil properties that are 
affected from soil erosion are topsoil thickness, rooting depth, and depth to maximum 
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clay content in the soil profile which all negatively impact crop production (Al-Kaisi, 
2002). Wind can also cause soil erosion by physically transporting silt or clay particles 
from a soil surface without living or dead plant biomass protecting the surface 
materials from wind exposure. The prevalence of windbreaks has diminished in an 
effort to expand tillable agricultural land, which has increased the potential for wind 
erosion to occur (Kort, 1988). Even at distances of 12 times the height of the 
windbreak, wind speed was measured to be just 60% of the open windspeed. This 
could potentially reduce the erosive force of wind by up to 25% compared to that of 
open areas (Bird et al., 1992). Cover crops are an important option available to alleviate 
this lack of wind reduction and resource concern. As soil cover increases, the wind 
erodible fraction of soil decreases in periods like early spring when crop residue levels 
are reduced.  
Another agronomic benefit of adding a cover crop to a cropping system is to 
increase nutrient retention. Nutrient retention is the uptake of residual and mineralized 
nutrients by a cover crop that were not used by the cash crop. Nutrient retention is 
helpful with immobile nutrients by allowing additional cycling and potentially pulling 
these nutrients closer to the soil surface where a future cash crop may better utilize 
them. Cover crops can increase the surface area by which nutrients are absorbed which 
increases the total volume of exudates released by plant roots (Ryan and Delhaize, 
2001). Organic anions exuded by plant roots can increase phosphorus solubility by 
altering soil pH and competing for reactions with aluminum (Al3+) and iron (Fe3+) oxides 
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(Hinsinger, 2001). Cover Crops can also be beneficial with mobile nutrients such as 
nitrogen (N) that tend to leach during periods where high levels of precipitation and 
infiltration occur and plant roots are not available for nutrient uptake. Nitrate-nitrogen 
(NO3-N) remaining in the soil profile can leach quite readily when a cash crop is not 
actively growing, most commonly late fall or early spring in Michigan. These NO3-N can 
cause serious resource problems when leaching occurs. Methemoglobinemia is a 
serious disease in infants that is caused by elevated levels of NO3-N in drinking water 
supplies (Fewtrell, 2004). Nitrate-nitrogen can also contribute to algae and 
cyanobacteria growth that can severely impact lake water quality and has negative 
impacts on both drinking water and tourism surrounding the waterbodies (Fried, 2003).  
The use of herbicides and tillage are two of the most common forms of weed 
control and are often quite effective. However, another weed control tactic that has 
the potential to reduce herbicide resistance development is the utilization of cover 
crops (Wiggins et al, 2016). Often, winter annuals like marestail (Conyza canadensis L.), 
pennycress (Thlaspi arvense L.), and chickweed (Stellaria media L.) along with summer 
annuals like lambsquarter (Chenopodium album L.), palmer amaranth (Amaranthus 
palmeri L.) and redroot pigweed (Amaranthus retroflexus L.) are quite common in many 
fields across the Midwest in corn-soybean rotations. Marestail has become a major 
concern because of glyphosate resistance development and, in many cases, results in 
weed control issues in soybean production. The addition of an overwintering cover crop 
into a cropping system can create a canopy in late fall at the time many winter annuals 
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begin to germinate. This practice can suppress weed growth and competitiveness of 
many winter annual species.  A no-tillage production system showed a 75% reduction in 
Marestail population at the time of spring burndown when a fall cover crop was 
established (Curran et al., 2016). Cereal rye also can promote the release of allelopathic 
compounds that may suppress germination of some weeds from root exudates and 
compounds leached from leaves and stems. Allelopathic compounds can prevent 
germination of some weed species depending on biological activity and the density of 
the cereal rye (Ryan et al., 2011). Allelopathy of cereal rye can affect germination of 
several weed species including redroot pigweed, lambsquarter, purselane (Portulaca 
oleracea L.), and hairy crabgrass (Digitaria sanguinalis L. Scop.), but has limited effects 
on other species like annual ragweed (Ambrosia artemisiifolia L.), giant ragweed 
(Ambrosia trifida L.), and ivy leaf morning glory (Ipomoea hederacea Jacq.) (USDA, 
2016). Allelopathy can persist for several weeks when cereal rye residues are left on the 
soil surface.  
An issue that may arise with cover crops is the proper establishment of cereal 
rye. Without adequate fall growth, benefits commonly associated with cereal rye cover 
crops may not be as substantial like weed suppression due to lack of competition with 
winter annual weeds (Boyd et al., 2009). Uptake of residual NO3-N would also be 
reduced after the harvested corn crop due to a lack of root biomass and transpiration 
by the cover crop (McCracken et al., 1994). Another potential issue with a winter rye 
cover crop is obtaining termination in the spring when temperatures may still be cold 
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and plants may not be actively growing for proper translocation of applied herbicides. 
This affects soybean establishment and growth because the cereal rye becomes 
additional competition for soybean production. In wet spring conditions when a narrow 
soybean planting window exists; further planting delays could be realized from the 
burndown herbicide application. This added cereal rye growth could become excessive 
and negatively affect soybean plant density and grain yield (Eckert, 1988).  
Perhaps the largest question is whether a cover crop like cereal rye can have a 
positive impact on short-term effects like soybean yield when grown before planting. 
The long-term impacts on both the environment and soil are most definitely positive 
for a conservation tillage system with its ability to reduce soil erosion, improve organic 
matter, and minimize nutrient loss. The long-term impacts can be difficult to measure 
from an economic standpoint. Planting cover crops adds additional cost to a producer’s 
operation along with the increased management needed in the fall for seeding and the 
spring for termination. For these reasons, encouraging the use of a cover crop has its 
challenges. Without a short-term benefit of increasing soybean yield, producers may 
not use and realize the benefits a cover crop may provide long-term to soil health and 
water quality. The question comes back to whether a producer can justify the added 
cost of production and quantify the positive impacts that cover crops can provide to 
increase revenue. Experiments established in this study aim to answer this vital 
question.  
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 Previous work on the establishment of cover crops in general as well as the 
establishment of cereal rye before soybean has shown several positive outcomes 
relating to soil erosion, soybean yield, weed suppression, and other soil physical 
properties. Positive effects on soybean yield following cereal rye have been limited 
(Ruffo et al., 2003). Soil erosion, which seems to be the most popular topic related to 
cover crop use, however, has been shown to be substantially reduced as a result of 
decreased water runoff and increased root mass (Gyssel et al, 2005). Splash and inter-
rill erosion are mostly decreased by aboveground biomass while belowground biomass 
has more influence on rill and ephemeral gully erosion (Gyssels et al., 2005). Cereal rye 
reduced soil erosion through diminished raindrop impact and surface runoff. Soil loss 
from erosion decreased from 8.02 to 0.89 tons ac-1 yr-1 with a fall seeded cover crop 
(Frye et al., 1985) as well as a 62% reduction over winter in Ultisols and between 47% 
to 96% reduction in Alfisols compared to bare soil (Langdale et al., 1991). Other studies 
on NO3-N uptake and soybean yield found no significant impacts of cereal rye on 
soybean yield but there was a substantial uptake of residual NO3-N (Ruffo et al., 2003).  
Also, McCracken et al. (1994) reported that cereal rye established in the fall reduced 
NO3-N concentration in soil leachate by 94%. This offers a positive environmental 
impact from reduced leaching of potentially harmful NO3-N which can contribute to 
algae growth or produce unsafe drinking water.  
Weed control is becoming a more common management issue for producers 
dealing with herbicide resistant weeds. The impact on weed suppression from cover 
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crop establishment, especially cereal rye, has been found to reduce the 
competitiveness and germination of some weeds. Total weed density was reduced by 
9% and 27% with biomass being reduced by 19% and 38% when a cover crop is 
established prior to seeding soybean compared to no cover crop (Reddy, 2003). Cereal 
rye biomass was studied individually and in combination with soybean plant density to 
determine the synergistic effects on weed suppression with substantial decreases in 
weed biomass with increasing cereal rye biomass. Weeds were completely suppressed 
at levels of cereal rye biomass above 0.30 lb ft-2 (Ryan et al., 2011). The reduction of 
herbicide use could be another benefit of cover crop establishment before soybean to 
offset the costs of seeding and managing the cover crop. Black oat (Avena strigosa 
Schreb.), cereal rye, and winter wheat (Triticum aestivum L.)  have been tested as cover 
crops for conservation tillage systems and soybean production. The use of black oat 
and cereal rye with only preemergent herbicides had similar weed control compared to 
winter wheat with a preemergent and post emergent herbicide (Price et al., 2006). The 
use of a preemergent herbicide alone decreased weed competition with the crop and 
overall costs to the producer.  
Several soil physical properties are commonly influenced by the establishment 
of cereal rye including, but not limited to, aggregation, infiltration, bulk density, 
temperature, and water relationships including evaporation, transpiration, and 
retention of precipitation. Cereal rye can help to shade and reduce compaction layers 
within the soil, which both contribute to improved temperature regulation. Increased 
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particle–to-particle contact in a compacted soil can increase heat exchange which may 
increase the rate at which the soil reacts to temperature (Coder, 2000). Cover crops 
increased the heavy fraction of soil organic matter which is the portion of SOM 
sequestered within organo-mineral aggregates and is responsible for binding soil 
aggregates and promoting water retention (Roberson et al., 1991). Cereal rye can 
increase short and long-term water infiltration rates by influencing soil organic matter 
levels and soil porosity. This influence affects several other soil physical properties 
including water retention, aggregation, nutrient availability, and plant available water. 
Basche et al. (2016) found after seven years of continuous cover crops, plant available 
water increased by 21-22% in the cover crop treated area compared to no cover crop 
being grown in a corn-soybean cropping system.  
The overall goal of this project is to provide a potential solution for producers in 
the Western Lake Erie Basin that could offer a short-term economic benefit as well as a 
positive environmental impact on Lake Erie. Three main objectives were established for 
this purpose. The first objective was to observe the short-term impacts that cereal rye 
has on yield limiting factors in soybean production such as weed suppression, leaf 
tissue nutrient concentration, canopy closure, and soybean development. The second 
objective was to monitor spring soil NO3-N levels in a Ziegenfuss clay loam soil located 
in the Western Lake Erie Basin impacted by fall seeded cereal rye. Finally, the third 
objective was to quantify the short-term impact of cereal rye establishment on soybean 
yield and profitability in a corn-soybean rotation. The expected result will help provide 
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a viable solution as well as contribute to existing literature regarding the use of winter 
cereal rye as a cover crop.  
 
MATERIALS AND METHODS 
Two sites were selected to conduct the experiment; both consisting of 
Ziegenfuss clay loam soils (fine, mixed, semiactive, nonacid, mesic Mollic Epiaquepts). 
Each experiment consisted of identical treatments consisting of cereal rye broadcast 
after corn harvest at 60 lb ac-1 seeding rate with a 30 feet spread width. Each site 
consisted of six repeated measures. The cereal rye was seeded on November 20, 2016 
and incorporated using a vertical tillage implement at an approximate 2-inch depth 
which may incorporate the seed around 1-inch. Each site received zero fertilizer 
amendments in the fall. Each field was left with one strip approximately 30 feet in 
width extending 357 feet for the Home West site and the length of the entire field for 
the Jaffe site which comes to 1155 feet. The rest of the field was seeded at 60 lb ac-1 of 
cereal rye. This 30 foot wide check strip along with a neighboring 30 foot wide cereal 
rye seeded strip was split evenly into thirds for increased repeated measures at each 
site with soybean observations, grain yield, and grain moisture supplied from each 
section. The Jaffe site was 0.265 acres per repeated measure while the Home site was 
0.082 acres.  
Stand establishment of the cereal rye was studied at each site as well as fall and 
spring NO3-N samples to determine residual NO3-N levels remaining after the harvested 
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corn crop. Nitrate-nitrogen samples were taken on December 9, followed by sampling 
May 1 and May 17 the following spring. A soil probe was used to take soil NO3-N 
samples to a depth of 12 inches per core with 9 cores taken per composite sample. 
Probe locations consisted of equal combinations of between corn stubble rows, directly 
on corn stubble row, and half way between these probes. Other components observed 
include: dates of emergence, flowering, and canopy closure. Soybean plant population 
density was measured for each repeated measure at each site. Soybean stand was 
evaluated by measuring 1/1000th of an acre which equates to 17 feet, 5 inches of length 
with soybeans planted in 30-inch rows and multiplying the number of soybeans plants 
by 1000 for a population count. Four plant counts were taken for each repeated 
measure at each site. Leaf tissue were collected to assess whether the cereal rye cover 
crop affected nutrient concentration of N, phosphorus (P), potassium (K), calcium (Ca), 
magnesium (Mg), and sulfur (S). Tissue samples were taken at the beginning of pod set 
(R3; Pederson and Licht, 2014) by pulling the most recently matured trifoliate leaves 
from 20 plants per sample. Observations were taken with weed densities comparing 
treatments at each site but no statistical analysis was conducted.  
Costs attributed to cover crops that a producer would experience are factored 
in to determine the overall profitability of the untreated and treated sections of each 
site. The only cost differences between treatments were the cost of seed, fuel, and 
labor to seed the cereal rye in the fall. The cereal rye seed cost was $9 bu-1 with fuel 
adding approximately $3 ac-1 and $1 ac-1 for labor to spread the seed. With a seeding 
 12 
 
rate of 60 lb ac-1, the total cost of spreading the cereal rye came to $13 ac-1 more than 
the untreated section of each site.  
On May 20, 2017, termination of the cover crop consisted of a burndown of 
Roundup Powermax® (glyphosate, Bayer Crop Science, Leverkusen, Germany) at 1 qt 
ac-1, Sharpen® (saflufenacil, BASF, Ludwigshafen, Germany) at 1 oz ac-1, and Metribuzin 
75® (metribuzin, LovelandProducts, Greenville, MS) at 6 oz ac-1. Soybean planting 
occurred on June 2, 2017. Methylated seed oil at 1 pt ac-1 and ammonium sulfate at 17 
lb 100 gal-1 were used as adjuvants. Asgrow 2636 RR2Y, 2.6 maturity soybeans were 
directly seeded into the residue 13 days after spraying. The soybeans contained 
pyraclostrobin, metalaxyl, and imidacloprid as seed treatments. The soybeans were 
planted using a 6-row, 30-inch John Deere 1750 planter (Deere and Company, Moline, 
IL) with row cleaners at a depth of 1-inch to ensure proper seed to soil contact and 
moisture availability. The rest of the herbicide program consisted of two post 
applications of Roundup Powermax® at 1 qt ac-1; once on June 20, 2017 due to a lack of 
control of the cereal rye from the burndown application and once on August 5. Harvest 
was conducted with a John Deere 9500 combine with a 20-foot auger platform head. A 
weigh wagon with a calibrated scale was used to weigh each repeated measure. Grain 
moisture was measured using a Dickey-John Mini GAC (Dickey-John Corp., Auburn, IL) 
moisture tester.  Yield data are reported at 13% moisture. 
Soybean plant density, leaf nutrient concentration, seed yield and moisture 
between cereal rye and no cereal rye were analyzed using the MIXED procedure for 
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repeated measures in SAS (v9.4, SAS Institute, Cary, NC). Significance was tested using 
alpha 0.05. Site and replication were considered random variables. 
 
RESULTS AND DISCUSSION 
Cereal rye seeding occurred later than anticipated which limited fall and early 
spring growth. Observations of cereal rye plant biomass in the spring showed an 
increase in biomass over row centers of corn stubble where side-dress application of N 
in the form of 28% urea ammonium nitrate occurred the prior year. This indicates 
greater potential of uptake of NO3-N remaining from the previous corn crop. 
Figure 1. Soybean population by site with and without a preceding cereal rye cover crop. 
 
No significant differences in soybean plant density between the cereal rye and 
no cereal rye treatments were observed across both sites (p=0.3178; Figure 1). The no 
cover crop treatment had a slightly higher soybean plant density compared to the 
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cereal rye treatment at both the Jaffe and Home site. Plant density differences were 
likely caused by planter and site variation. Site effects were also tested showing a 
significant difference in soybean density between sites (p=0.0019). Cereal rye 
termination prior to soybean planting was not adequate at the Home site and required 
an additional post planting herbicide application of glyphosate, however, this did not 
appear to influence soybean emergence.  
Soybean tissue nutrient analysis showed a few differences in leaf nutrient 
concentrations between treatments or sites. Statistical analysis was conducted for all 
macronutrients at each site comparing treatments found in Figures 2 and 3.  Significant 
differences were seen with N and Mg (p=0.0128 and 0.0053 respectively) where no 
cover crop had a higher leaf N and Mg concentration. This coincides with the reduction 
in soil NO3-N in samples taken within these treatments. Cereal rye has been reported to 
immobilize soil N as it decomposes, depending on growth stage (SARE, 2007). 
Immobilization of soil N is typically a concern with crops demanding high levels of N. 
The soybean leaf concentrations remained in the optimum range as determined by A 
and L Great Lakes Laboratories for plant growth in both treatments tested. This result 
implies yield reductions from N concentration would be unlikely. Leaf K and S 
concentrations were significant between locations (p=0.0039 and 0.0232 respectively) 
whereas neither location nor treatment was significant for leaf P and Ca concentration. 
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Figure 2. Macronutrient leaf tissue concentration at the Home site as impacted by cereal rye treatment. 
Data are percent of dry weight. 
 
Figure 3. Macronutrient leaf tissue concentration at the Jaffe site impacted by cereal rye treatment. Data 
are percent of dry weight. 
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Weed populations observed during the growing season were slightly lower in 
the cereal rye treatments compared to no cereal rye. Overall, low weed populations 
were observed throughout the growing season and the overall cereal rye biomass 
might not have been adequate for optimal weed suppression. The herbicide program 
(glyphosate, saflufenacil, metribuzin) was quite effective and likely masked the 
potential benefits of cereal rye weed suppression. Metribuzin provides adequate 
residual control of both lambsquarter and redroot pigweed which were the most 
common weeds observed at either site. Perhaps additional weed suppression may have 
been observed from cereal rye if not terminated two weeks before planting and 
reducing the herbicide program.   
Late spring soil NO3-N levels were impacted at each site for the May 1 sampling 
date (Figure 4). The composite soil samples indicated soil NO3-N concentration was 
reduced by 57% and 43% in the Jaffe and Home sites, respectively, where cereal rye 
was compared to no cereal rye. The May 15 sampling date showed a 60% reduction in 
soil NO3-N concentration at the Home site with only a small difference at the Jaffe site. 
McCracken et al. (1994) and Ruffo et al. (2003) found even more drastic soil NO3-N 
reductions when cereal rye was seeded in the fall. Taken together, these results show a 
positive impacts of a cereal rye cover crop on reducing spring soil NO3-N levels and 
potentially NO3-N movement off the field and into water sources.  
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Figure 4. Soil NO3-N in the fall and spring preceding soybean production in southeastern Michigan. Data 
are pooled samples across replications and therefore no statistical analysis is appropriate.  
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Table 1. Soybean grain yield and moisture content for cereal rye and no cereal rye cover crop treatments 
at two sites in southeastern Michigan in 2017. Soybean yields were corrected to 13% grain moisture.  
Site Cereal Rye No Cereal Rye  Cereal Rye No Cereal Rye 
 bu ac-1  % 
Jaffe 64.57 64.43  14.03 13.97 
Home 71.97 74.63  14.03 13.97 
2-Site Mean 68.27 69.53  14.03 13.97 
    
 p-value  p-value 
Site 0.0018  1.0000 
Treatment 0.1422  0.2943 
Site*Treatment 0.1140  1.0000 
 
CONCLUSIONS 
  The benefits predicted from fall-seeded cereal rye in terms of residual NO3-N 
uptake were confirmed in this study. However, there was no significant benefit on 
soybean yield or grain moisture when a cereal rye cover crop was grown before 
soybeans and terminated prior to planting. Small differences in macronutrient 
concentration were seen in leaf tissue sampled at beginning pod stage suggesting that 
nutrient uptake from the cereal rye had minimal to no impact on soybean 
macronutient status later in the season. All leaf nutrient concentrations were within an 
optimal range for plant growth, which means any yield differences likely would not 
have been attributed to leaf nutrient concentration or availability.  
Environmental gains associated with cover crops might be positive with a 
potential for reduced erosion, long-term increase in organic matter, improved 
aggregation, infiltration and soil water relationships, and increased NO3-N uptake. The 
results of the current experiment, however, indicate overall return on investment of 
utilizing cereal rye as a winter cover crop appears to be less than no cereal rye cover 
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crop on a Ziegenfuss clay loam soil. However, depending on a producer’s management 
goals, the long-term environmental and soil health impacts may outweigh the 
reduction in short-term return on investment. Cereal rye could play a vital role for 
producers in the Western Lake Erie Basin on reducing the impacts of nutrient and 
sediment loss, however, further research is needed to improve ways to manage cereal 
rye so that it can provide an economic return for the producer.  
Future experiments might include comparison of cereal rye treatments with 
increased replication at multiple sites to increase ability to assess soybean genetic and 
environmental influence. Additionally, conducting the experiment over many years may 
provide a long-term justification for soil health, productivity, and profitability 
arguments that were not realized with this short-term effort.  
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APPENDIX A  
Soybean Field Notes from Cereal Rye and No Cereal Rye Treatments from the Jaffe and Home Sites 
from June 21, July 12, and August 1.  
June 21 
Jaffe Farm 
Jaffe no rye 1: Average population 117,000 plants/acre from 3 counts. Growth stage V1. Moderate 
amount of established dandelion and scattered prostrate knotweed. Light bean leaf beetle feeding on 
unifoliate leaves and first trifoliate.  
Jaffe rye 1: Average population 116,000 plants/acre from 3 counts. Growth stage V1. Light amount of 
established dandelion with no other weeds present. Slightly increased level of bean leaf beetle feeding 
compared to no rye strip. Moderate pressure from standing rye.  
Jaffe no rye 2: Average population of 116,000 plants/acre from 3 counts. Growth stage V1. Light amount 
of established dandelion with no other weeds present. Very little bean leaf beetle feeding.  
Jaffe rye 2: Average population of 118,000. Growth stage V1. Scattered established dandelion with no 
other weeds present. Moderate pressure from standing rye. Very light amount of bean leaf beetle 
feeding on leaves.  
Jaffe no rye 3: Average population of 125,000 plants/acre. Growth stage V1. Scattered velevetleaf 
seedlings and established dandelion. No insect feeding. 
Jaffe rye 3: Average population of 115,000 plants/acre. Growth stage V1. Scattered established dandelion 
but no other weeds present. Moderate pressure from standing rye. Light bean leaf beetle feeding.  
 
Home Farm 
Home no rye 1: Average population of 125,000 plants/acre. Growth stage V1-V2. Light to moderate 
nightshade, lambsquarter, and redroot pigweed seedlings present. No other weeds no insect pressure.  
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Home rye 1: average population of 126,000 plants/acre. Growth stage V1-V2. Light nightshade, 
lambsqaurter, and redroot pigweed seedlings present. Appears to be a slightly higher level of weeds 
present along with a higher level of bean leaf beetle feeding.  
Home no rye 2: Average population of 127,000 plants/acre. Growth stage V1-V2. Light nightshade, 
lambsquarter and redroot pigweed seedlings present. No other weeds or insect pressure.  
Home rye 2: Average population of 125,000. Growth stage V1-V2. Light pressure from nightshade, 
lambsquarter, and redroot pigweed but appears to be slightly less than no rye strip. Negligent insect 
pressure. 
Home no rye 3: Average population of 128,000 plants/acre. Growth stage V1-V2. Light weed pressure 
from nightshade, lambsqaurter, and redroot pigweed with minimal insect injury to soybean leaves.  
Home rye 3: Average population of 125,000 plants/acre. Growth stage V1-V2. Light weed pressure in 
patches from nightshade, lambsquarter, and redroot pigweed.  
 
July 12 
Jaffe Farm 
Jaffe no rye 1: Growth stage R1 beginning bloom. Weed pressure very minimal with only scattered 
dandelions present. Developed nodes 7 with soybean height at 15 inches. Very little insect pressure. No 
obvious deficiencies present.  
Jaffe rye 1: Growth stage R1 beginning bloom. Weed pressure very minimal. Some standing rye 
carcasses. Developed nodes 7 with soybean height at 14 inches. No insect pressure and no obvious 
deficiencies present.  
 Jaffe no rye 2: Growth stage R1 beginning bloom. Weed pressure very minimal with only scattered 
dandelions present. Developed nodes 7 with soybean height at 15 inches. Very little insect pressure. No 
obvious deficiencies present.  
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Jaffe rye 2: Growth stage R1 beginning bloom. Weed pressure very minimal. Some standing rye 
carcasses. Developed nodes 8 with soybean height at 15 inches. No insect pressure and no obvious 
deficiencies present.  
Jaffe no rye 3: Growth stage R1 beginning bloom. Weed pressure very minimal with only scattered 
dandelions present. Developed nodes 6 with soybean height at 13 inches. Very little insect pressure. No 
obvious deficiencies present.  
Jaffe rye 3: Growth stage R1 beginning bloom. Weed pressure very minimal. Some standing rye 
carcasses. Developed nodes 7 with soybean height at 14 inches. No insect pressure and no obvious 
deficiencies present.  
 
Home Farm 
Home no rye 1: Growth stage R1 beginning bloom. Moderate weed pressure from lambsquarter and 
redroot pigweed ranging from 1-3 inches in height. No soybean deficiencies showing. Slight insect 
feeding from grasshopper. Developed nodes 8, height 15 inches.  
Home rye 1: Growth stage R1 beginning bloom. Moderate weed pressure from lambsquarter and redroot 
pigweed from 1-3 inches in height. No soybean deficiencies showing. Slight insect feeding from 
grasshopper. Developed nodes 7, height 14 inches.  
Home no rye 2: Growth stage R1 beginning bloom. Moderate weed pressure from lambsquarter and 
redroot pigweed ranging from 1-3 inches in height. No soybean deficiencies showing. Slight insect 
feeding from grasshopper. Developed nodes 8, height 15 inches.  
Home rye 2: Growth stage R1 beginning bloom. Moderate weed pressure from lambsquarter and redroot 
pigweed from 1-3 inches in height. No soybean deficiencies showing. Slight insect feeding from 
grasshopper. Developed nodes 8, height 14 inches.  
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Home no rye 3: Growth stage R1 beginning bloom. Moderate weed pressure from lambsquarter and 
redroot pigweed ranging from 1-3 inches in height. No soybean deficiencies showing. Slight insect 
feeding from grasshopper. Developed nodes 7, height 14 inches.  
Home rye 3: Growth stage R1 beginning bloom. Moderate weed pressure from lambsquarter and redroot 
pigweed from 1-3 inches in height. No soybean deficiencies showing. Slight insect feeding from 
grasshopper. Developed nodes 7, height 14 inches.  
 
August 1 
Jaffe Farm 
Jaffe no rye 1: Growth stage R4. No weeds present. Scattered grasshopper feeding. Soybeans close to full 
canopy with no deficiencies present.  
Jaffe rye 1: Growth stage R4. No weeds present. Scattered grasshopper feeding. Soybeans close to full 
canopy with no deficiencies present.  
Jaffe no rye 2: Growth stage R4. No weeds present. Scattered grasshopper feeding. Soybeans close to full 
canopy with no deficiencies present.  
Jaffe rye 2: Growth stage R4. No weeds present. Scattered grasshopper feeding. Soybeans close to full 
canopy with no deficiencies present.  
Jaffe no rye 3: Growth stage R4. No weeds present. Scattered grasshopper feeding. Soybeans close to full 
canopy with no deficiencies present.  
Jaffe rye 3: Growth stage R4. No weeds present. Scattered grasshopper feeding. Soybeans close to full 
canopy with no deficiencies present.  
 
Home Farm 
Home no rye 1: Growth stage R4. No weeds present. Light grasshopper feeding. Soybeans very close to 
full canopy closure with no obvious deficiencies present.  
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Home rye 1: Growth stage R4. No weeds present other than old rye carcasses still noticeable. Light 
grasshopper feeding. Soybeans very close to full canopy closure with no obvious deficiencies present.  
Home no rye 2: Growth stage R4. No weeds present. Light grasshopper feeding. Soybeans very close to 
full canopy closure with no obvious deficiencies present.  
Home rye 2: Growth stage R4. No weeds present other than old rye carcasses still noticeable. Light 
grasshopper feeding. Soybeans very close to full canopy closure with no obvious deficiencies present.  
Home no rye 3: Growth stage R4. No weeds present. Light grasshopper feeding. Soybeans very close to 
full canopy closure with no obvious deficiencies present.  
Home rye 3: Growth stage R4. No weeds present other than old rye carcasses still noticeable. Light 
grasshopper feeding. Soybeans very close to full canopy closure with no obvious deficiencies present.  
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APPENDIX B 
Soybean Leaf Tissue Analysis Results from Cereal Rye and No Cereal Rye Treatments from the Jaffe and 
Home Sites taken August 4, 2017.  [Indicate the target yield levels for which these sufficiency values 
are relevant.  
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APPENDIX C 
Table 2. Soybean grain yield and moisture content for cereal rye and no cereal rye cover 
crop treatments at two sites in southeastern Michigan in 2017. 
 
 
 
Table 3. Timeline of management for cereal rye plot conducted in southeastern 
Michigan.  
 
 
TASK MILESTONE DATE 
1.a. Purchase cereal rye seed  10/01/16 
1.b. Flag treated and untreated areas at each loc  10/15/16 
1.c. Spread cereal rye  11/20/16 
1.d. Incorporate seed with verticle tillage tool Objective 1 completed 11/20/16 
2.a. Observe cereal rye stand  12/9/16 
2.b. Take soil nitrate samples of treated and untreated  12/9/16 
2.c. Observe winter survival of cereal rye  4/1/17 
2.d. Take spring nitrate samples  5/1/17 
2.e. Take spring nitrate samples  5/17/17 
2.f. Herbicide burndown of cereal rye  5/20/17 
2.g. Plant soybean  6/2/17 
2.h. Observations and field notes  6/21/17 
2.i. Observations and field notes  7/12/17 
2.j. Observations and field notes  8/1/17 
2.k. Soybean tissue sample Objective 2 completed 8/4/17 
3.a. Harvest  Objective 3 completed 10/20/17 
Home West Moisture Yield (bu/ac) Jaffe Moisture Yield (bu/ac)
No Rye 1 13.90% 74.4 No Rye 1 14% 65.4
No Rye 2 14% 72.1 No Rye 2 13.80% 64.1
No Rye 3 14% 77.4 No Rye 3 14.10% 63.8
Rye 1 14.10% 71.4 Rye 1 14.10% 66.6
Rye 2 14% 71.8 Rye 2 14% 63.8
Rye 3 14% 72.7 Rye 3 14% 63.3
Home west individual plot size was 2380 sq ft. Jaffe individual plot size was 7700 sq ft.
Soybean yield and moisture as affected by cereal rye growth 
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APPENDIX D 
 
 
Permissions 
 
Hey Dave, 
 
Please just redact any customer and company information that is shown on the samples and you 
will be all set. 
 
Good luck and congrats!  
 
Alyssa Villegas 
Claims Coordinator 
Legal Department, Retail 
 
www.nutrien.com 
 
              
 
From: Dave Gust  
Sent: Thursday, March 07, 2019 5:10 PM 
To: Alyssa Villegas   
Subject: Thesis Paper 
 
Alyssa, 
 
I am enrolled at Iowa State University about to have my masters of science in agronomy. I 
defend my final thesis paper April 4th and in this paper, which will be published, contains some 
soybean tissue sample reports from Nutriscription. Can I get permission to use these reports in 
my thesis paper in an Appendix section? What do I have to do in order to have these reports 
copy and pasted in the paper? Let me know whenever you get a chance.  
 
Thanks 
 
Dave Gust, CCA 
Nutrien Ag Solutions Blissfield, MI 
 
